Abstract: Apricot fruits provide important health, economic, and nutritional benefits. Weeds damage apricot production directly and host the pests that cause damages to apricot trees. However, very few studies are available on weed control in apricot orchards. This research work was aimed at evaluating five cover crops for weed suppression in apricot orchard. The effect of living, mowed, and soil-incorporated cover corps on weeds was recorded and compared with glyphosate application and mechanical weed control. The cover crops were Vicia villosa Roth., Vicia pannonica Crantz, Triticale + V. pannonica, Phacelia tanacetifolia Benth., and Fagopyrum esculentum Moench. Five major weed species in the experimental area were Amaranthus retroflexus L., Convolvulus arvensis L., Tribulus terrestris L., Sisymbrium officinale (L.) Scop., and Sorghum halepense (L.) Per. The highest biomass production was noted for Triticale + V. pannonica in 2015 and for P. tanacetifolia in 2016. Living cover crops were effective in decreasing the weed biomass compared with the control. Both mowing and soil incorporation of cover crops were effective in decreasing weed richness and density over control. Mowed or soil-incorporated cover crops were more effective than herbicide or mechanical weed control, while F. esculentum was the least effective cover crop for suppressing weeds in apricot orchard. The results of our studies implied that cover crops could be used for weed control in apricot, and their mowing or soil incorporation could enhance their efficacy.
Introduction
Apricot (Prunus armeniaca L.) is a member of family Rosaceae and genus Prunus and probably originated in the Central Asia, Turkey, or Western China. Fruit from apricot plants possesses high nutritional and health benefits and provides significant economic gains. Currently, the global production of apricots is 3.88 million tons, which is harvested from an area of 0.58 million ha [1] . Out of this apricot fruit production, 55.5% is contributed by Asia, nearly 26% and 14% is contributed by Europe and Africa, respectively while rest comes from other parts of the world. Turkey makes itself the largest producer of apricot with an average annual production of more than half million tons followed by Iran, Uzbekistan, Italy and Pakistan [1] . Climatic conditions in some areas of Turkey (particularly those in Malatya region) are highly supportive for apricot production, and the country is rich in genetic resources for the (apricot) fruit plants.
Materials and Methods

Experimental Site
Field studies were conducted during 2014 to 2016 in the experimental apricot orchard atİnönü University, Agricultural Faculty, Turkey on a clay soil (20% sand, 28% silt, 52% clay, 1.7% organic matter, and pH 7.4). The experimental site was located at 38.47 N-38.34 E and had an average temperature of 13.4 • C in 2015-2016 growing season and mean annual precipitation of 420 mm. The apricot orchard was 10 years old. Plant spacing was 8 m within the row and 8 m between the rows.
Field Trial
Annual cover crops were used for weed control in the experimental area in the apricot orchards. Vicia villosa (hairy vetch), V. pannonica (Hungarian vetch), a mixture of V. pannonica Crantz and Triticale (V. pannonica 70% + Triticale 30%), and Phacelia tanacetifolia (lacy phacelia) were used as winter cover crops, and Fagopyrum esculentum (buckwheat) was used as summer cover crop. Fagopyrum esculentum, which is a concealment plant for the summer, was planted on 21 April 2014 and 5 May 2015, and the other winter covering plants were planted in the fall periods of the years on 23 October 2014 and 23 October 2015. Before planting of the cover crops, weeds present in the field were removed either manually or mechanically. In each of the study years, the first soil cultivation was done during the first week of November, and soil preparation was done in mid-April before sowing of the cover crops (for the summer cover crops). For the winter cover crops, the first soil cultivation was done in mid-September, and soil preparation was done during the first week of November. There was a 50 cm distance between the cover crops and the apricot plants. The results of the experiments were recorded in 2015 and 2016 for summer and winter cover plants.
The experiments were established in a randomized block design with four replications. Experiment also included control plots, herbicide applications and mechanical weed control. Each plot was 80 m 2 (4 × 20 m). Consecutive plots were separated with a buffer zone with no cover crop. The cover crop seeds were broadcast and incorporated into the soil. Seeding rates were 150 kg ha −1 for hairy vetch and Hungarian vetch, 30 kg ha −1 for lacy phacelia and 50 kg ha −1 buckwheat. The cover crop treatments were maintained in the same (respective) plots throughout the duration of the experiment. Cover crops were at flowering stage on 15 May 2015 in the first year of study and on 24 May 2016 in the second year of study. After the flowering period of the cover crops, half of the parcels with cover crops in experiment were incorporated into the soil using two passes of a double disk cultivator to a depth of approximately 10 cm (i.e., soil incorporation treatment), and the other half was mowed without any treatment and left as mulch on the soil (i.e., mowing treatment). Cover crops were mowed or incorporated into the soil on 20 May during 2015 and 3 June during 2016. Mechanical weed control comprised use of rotary hoeing and herbicide treatments included the application of glyphosate at 2.40 kg a.i. ha −1 after the weeds emerged and were growing actively. Herbicide application and mechanical weed control were practiced when the weeds were at 4-8 leaves stage (20 May 2015, and 25 May 2016) . Glyphosate (isopropylamine salt, 360 g a.i. L −1 ) was applied at 2880 mL ha −1 (1.39 kg a.i. ha −1 ). Herbicide was applied with a spraying volume of 250 L ha −1 at 303.97 kPa pressure with a field sprayer, pressurized by a pump, and pulled by a tractor. The sprayer was fitted with flat fan nozzles and had a 12 m working width. Tractor speed during spray was 6 km/h.
Prior to treatments (mowing or soil incorporation) of the cover crops, aboveground biomass samples of the cover crops were collected in a randomly selected 50 × 50 cm quadrat in each plot. At the same time, weed biomass was measured by cutting all weeds at ground level in a 50 × 50 cm quadrat placed in each plot. Weeds and cover crops were dried at 105 • C for 24 h to obtain dry biomass. To determine the suppressive effects of cover crops, weed species richness and weed density were assessed at 7, 14, and 28 days after treatments (mowing, soil incorporation, herbicide application, or mechanical weed control) from all plots using a 50 × 50 cm quadrat placed randomly in the plots.
Statistical Analyses
Data from each year were analyzed separately because of significant year-by-treatment effects except for the data on weed species richness and weed density. Data were subjected to ANOVA and treatment means were compared using Duncan's protected LSD tests at the 0.05 probability level. Species richness was calculated using the number of weed species recorded in each plot. Data were transformed as needed before analysis using either arcsine square root or log transformations. Untransformed means were presented in the text for clarity of presentation.
Results
Dominant weed species in the experimental area in apricot orchard included A. retroflexus, C. arvensis, T. terrestris, Sisymbrium officinale., Sorghum halepense, Lamium amplexicaule L., Chenopodium album L., Thlaspi arvense L., and Vaccaria pyramidata MEDIK (Table 1) . Densities of other weed species such as Lactuca serriola L., Sinapis arvensis L., and Glycyrrhiza glabra Linn. were lower than 1%. Weed counts and weed weights taken in both years showed that A. retroflexus (22%), C. arvensis (16%), T. terrestris (16%), S. officinalis (14%), and S. halepense (7%) contributed over 75% of the total weed populations (Table 1) . Cover crop emergence was similar in 2015 and 2016 growing seasons (data not shown). However, significantly higher biomass was produced in 2016 than in 2015 (Figure 1 ). Triticale + V. pannonica produced significantly higher biomass (6212.5 kg ha −1 ) than all other species in 2015. P. tanacetifolia produced higher biomass (6511 kg ha −1 ) in 2016. The lowest cover crop dry biomass was obtained from V. villosa (2575 kg ha −1 ) in 2015 and F. esculentum (3440 kg ha −1 ) in 2016. Statistical difference for the quantities of dry biomass production by cover crops was insignificant in 2016. The greater biomass production in the second year could be attributed to more optimal conditions for growth of the cover crops. The effects of the cover crops on weed dry biomass production just before treatment (mowing or soil incorporation of cover crops) were consistent in each year (Figure 2 ). In 2015, weed biomass was the highest in the control i.e., without cover crops followed by V. pannonica, Triticale + V. The effects of the cover crops on weed dry biomass production just before treatment (mowing or soil incorporation of cover crops) were consistent in each year (Figure 2 ). In 2015, weed biomass was the highest in the control i.e., without cover crops followed by V. pannonica, Triticale + V. pannonica, V. villosa, F. esculentum, P. tanacetifolia, mechanical weed control, and herbicide applications. In 2016, the weed biomass was highest in mechanical control and non-treated parcels followed by V. pannonica. Other treatments (V. villosa, Triticale + V. pannonica, F. esculentum, P. tanacetifolia, and glyphosate) had the lowest and statistically equal weed dry biomass. P. tanacetifolia was the most suppressive species, reducing total weed dry biomass by 83.64% in 2015 and by 53.7% in 2016. In addition to weed dry biomass reduction by living cover crops, mowed and soil incorporated cover crops also caused a decrease in weed species richness (Figures 3 and 4) . Data indicated that mowed cover crops including V. villosa, V. pannonica, Tritical + V. pannonica, and P. tanacetifolia caused a significantly higher decrease in weed species richness (number) than untreated control, glyphosate application, mechanical weed control, and a cover crop F. esculentum (Figure 3 ). The effect of cover crops was sustainable even after one month of mowing (the date for last data recording). In addition to weed dry biomass reduction by living cover crops, mowed and soil incorporated cover crops also caused a decrease in weed species richness (Figures 3 and 4) . Data indicated that mowed cover crops including V. villosa, V. pannonica, Tritical + V. pannonica, and P. tanacetifolia caused a significantly higher decrease in weed species richness (number) than untreated control, glyphosate application, mechanical weed control, and a cover crop F. esculentum (Figure 3 ). The effect of cover crops was sustainable even after one month of mowing (the date for last data recording). In addition to weed dry biomass reduction by living cover crops, mowed and soil incorporated cover crops also caused a decrease in weed species richness (Figures 3 and 4) . Data indicated that mowed cover crops including V. villosa, V. pannonica, Tritical + V. pannonica, and P. tanacetifolia caused a significantly higher decrease in weed species richness (number) than untreated control, glyphosate application, mechanical weed control, and a cover crop F. esculentum (Figure 3 ). The effect of cover crops was sustainable even after one month of mowing (the date for last data recording). Effect of mowed cover crops, mechanical control, and herbicide application on weed richness (number of species) in apricot orchard. For each data recording (7, 14, or 28 days), the columns not sharing a letter in common differ significantly at p < 0.05. Data is an average of two years.
Soil incorporation of cover crops had results similar to mowing on weed suppression in apricot orchards (Figure 4 ). Mechanical weed control or glyphosate application had a lower effectiveness against species richness than the soil incorporated cover crops i.e., P. tanacetifolia, V. villosa, V. pannonica, and Triticale + V. pannonica. F. esculentum was least effective among the cover crops. Soil incorporation of cover crops had results similar to mowing on weed suppression in apricot orchards (Figure 4 ). Mechanical weed control or glyphosate application had a lower effectiveness against species richness than the soil incorporated cover crops i.e., P. tanacetifolia, V. villosa, V. pannonica, and Triticale + V. pannonica. F. esculentum was least effective among the cover crops. Both the cover mowing and soil incorporation had significantly decreased the weed density in apricot orchard (Figures 5 and 6 ). Among the cover crops, F. esculentum (either mowed or soil incorporated) had the lowest effectiveness to decrease weed density in apricot. Mechanical weed control had a weed density close to control (weedy) treatment followed by glyphosate application. The most effective cover crops (both for mowing and soil incorporation) for decreasing weed density in apricot were V. villosa, V. pannonica, P. tanacetifolia, and Tritical + V. pannonica (Figures 5 and 6 ). Both the cover mowing and soil incorporation had significantly decreased the weed density in apricot orchard (Figures 5 and 6 ). Among the cover crops, F. esculentum (either mowed or soil incorporated) had the lowest effectiveness to decrease weed density in apricot. Mechanical weed control had a weed density close to control (weedy) treatment followed by glyphosate application. The most effective cover crops (both for mowing and soil incorporation) for decreasing weed density in apricot were V. villosa, V. pannonica, P. tanacetifolia, and Tritical + V. pannonica (Figures 5 and 6 ). Soil incorporation of cover crops had results similar to mowing on weed suppression in apricot orchards (Figure 4 ). Mechanical weed control or glyphosate application had a lower effectiveness against species richness than the soil incorporated cover crops i.e., P. tanacetifolia, V. villosa, V. pannonica, and Triticale + V. pannonica. F. esculentum was least effective among the cover crops. Figure 4 . Effe ct of soil incorporate d cover crops, mechanical control, and he rbicide application on we e d richne ss (number of species) in apricot orchard. For e ach data recording (7, 14, or 28 days), the column not sharing a le tte r in common diffe r significantly at p < 0.05. Data is an average of two ye ars.
Both the cover mowing and soil incorporation had significantly decreased the weed density in apricot orchard (Figures 5 and 6 ). Among the cover crops, F. esculentum (either mowed or soil incorporated) had the lowest effectiveness to decrease weed density in apricot. Mechanical weed control had a weed density close to control (weedy) treatment followed by glyphosate application. The most effective cover crops (both for mowing and soil incorporation) for decreasing weed density in apricot were V. villosa, V. pannonica, P. tanacetifolia, and Tritical + V. pannonica (Figures 5 and 6 ). Figure 5 . Effect of mowing of cover crops, mechanical control, and herbicide application on weed density in apricot orchard. For each data recording (7, 14 , or 28 days), the columns not sharing a letter in common differ significantly at p < 0.05. Data is an average of two years. Figure 5 . Effe ct of mowing of cove r crops, me chanical control, and he rbicide application on weed de nsity in apricot orchard. For e ach data recording (7, 14 , or 28 days), the columns not sharing a letter in common diffe r significantly at p < 0.05. Data is an ave rage of two ye ars. Figure 6 . Effe ct of soil incorporation of cover crops, mechanical control, and he rbicide application on we e d de nsity in apricot orchard. For e ach data recording (7, 14, or 28 days), the columns not sharing a le tte r in common diffe r significantly at p < 0.05. Data is an ave rage of two ye ars.
Discussion
The results of this research work highlighted that cover crops can be effective in reducing the weed density, dry weight, and infestation in apricot orchards. Cover crop plants reduce the development of weeds and seed production by directly competing with weeds for light and nutrients [23] [24] [25] . The role of cover crop plants in decreasing weed density and biomass is due to their physical effects, reduction of light permeability, changes in soil temperature, increase in soil m oisture, and allelochemical interactions [12, [26] [27] [28] [29] . The suppressive effects of hairy vetch on weeds have been well-reported previously, and this could suppress the weeds by more than 60% [30, 31] . This cover crop (hairy vetch) was also effective in suppressing weeds in organically grown lettuce and pepper [32, 33] . Cover crops' biomasses were reasonably good to suppress the weeds. Higher cover crop biomass was obtained in the second year of study than the first year. Particularly, during the spring season of the first year of study, there were high rains that supposedly influenced the weeds positively and the cover crops negatively.
In our findings, lacy phacelia was the most effective cover crop that suppressed the weeds by almost 75%, followed by buckwheat that registered a 73% weed suppression, and hairy vetch with a 63% suppression of weeds. The lowest weed suppression was obtained from the Hungarian vetch cover crop plants (33%), whereas this effect was over 50% in Hungarian vetch + Triticale mixture. These results are supported by previously reported research work. Previously, lacy phacelia cover crop was reported to suppress Echinochloa crus-galli (L.) P.Beauv., C. album, and Portulaca oleracea L. in maize plantings [34] .
Efficacy of cover crops against weeds has been reported in the previous literature. For example, Melilotus officinalis (L.) Pall. as a cover crop in the fallow systems could reduce weed biomass over 95% and could also suppress the weeds when residues of this cover crop were mixed in the soil [35] . Although, this much high weed suppression was not obtained in our research, we can safely recommend that cover crop can suppress weeds, particularly in the fruit gardens. Legume cover crops could also add nutrients to soil along with suppressing weeds, and this may play an important role in conserving the soil and sustaining the agricultural production [36] . We supposed that weed suppression obtained in our studies was a result of both a physical and chemical inter ference of cover . Effect of soil incorporation of cover crops, mechanical control, and herbicide application on weed density in apricot orchard. For each data recording (7, 14, or 28 days), the columns not sharing a letter in common differ significantly at p < 0.05. Data is an average of two years.
The results of this research work highlighted that cover crops can be effective in reducing the weed density, dry weight, and infestation in apricot orchards. Cover crop plants reduce the development of weeds and seed production by directly competing with weeds for light and nutrients [23] [24] [25] . The role of cover crop plants in decreasing weed density and biomass is due to their physical effects, reduction of light permeability, changes in soil temperature, increase in soil moisture, and allelochemical interactions [12, [26] [27] [28] [29] . The suppressive effects of hairy vetch on weeds have been well-reported previously, and this could suppress the weeds by more than 60% [30, 31] . This cover crop (hairy vetch) was also effective in suppressing weeds in organically grown lettuce and pepper [32, 33] . Cover crops' biomasses were reasonably good to suppress the weeds. Higher cover crop biomass was obtained in the second year of study than the first year. Particularly, during the spring season of the first year of study, there were high rains that supposedly influenced the weeds positively and the cover crops negatively.
Efficacy of cover crops against weeds has been reported in the previous literature. For example, Melilotus officinalis (L.) Pall. as a cover crop in the fallow systems could reduce weed biomass over 95% and could also suppress the weeds when residues of this cover crop were mixed in the soil [35] . Although, this much high weed suppression was not obtained in our research, we can safely recommend that cover crop can suppress weeds, particularly in the fruit gardens. Legume cover crops could also add nutrients to soil along with suppressing weeds, and this may play an important role in conserving the soil and sustaining the agricultural production [36] . We supposed that weed suppression obtained in our studies was a result of both a physical and chemical interference of cover crops with weeds. Recent literature establishes that cover crops suppress weeds both by their physical pressure and chemical interactions [11, 12, 29, 37] .
